Economy of Heat Cost Allocation in Apartment Buildings  by Ziemele, Jelena et al.
 Energy Procedia  72 ( 2015 )  87 – 94 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment
doi: 10.1016/j.egypro.2015.06.013 
International Scientific Conference “Environmental and Climate Technologies – CONECT 2014” 
Economy of heat cost allocation in apartment buildings 
Jelena Ziemele*, Ieva Pakere, Dagnija Blumberga, Gatis Zogla 
Riga Technical University, Institute of Energy Systems and Environment, Azenes iela 12/1, Riga, LV 1048, Latvia 
Abstract 
Space heating cost allocation according to actual consumption can be one possible solution for saving energy as residents are 
more motivated to regulate indoor air temperature. Introduction of heat cost allocators is a technique which can be used to ensure 
that the consumer pays only for the heat supplied to him. Installation of allocators increases the motivation of inhabitants to 
regulate indoor temperatures and thereby reduce heat consumption. Nevertheless, different criterions need to be taken into 
account in order to fairly allocate the heat costs in each apartment. 
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1. Introduction 
Latvia, along with other European countries, has committed to reach a 20 % reduction in primary energy 
consumption by 2020 [1]. The goal can be achieved by increasing the energy efficiency of district heating at three 
different levels: heat source, heat networks and heat consumer. There are several possibilities to achieve energy 
reduction at the consumer including renovation of existing buildings and construction of new energy-efficient 
buildings. Thermal energy consumption for space heating in newly built buildings in Latvia is around 70í80 
kWh/m2 per year, but some of the buildings may even reach the level of low consumption building í 45 kWh/m2 per 
year. [2, 3] 
A certain part of energy consumption reduction can be achieved by changing the behaviour of consumers. 
European Parliament Directive 2012/27/EU [1] on energy efficiency determines the potential of energy reduction 
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when allocating space heat consumption according to actual heat consumption. Such division of the consumed heat 
may be realized through installation of individual heat meters that accurately record the supplied amount of heat. 
Also allocators which are installed on each radiator can be used as an alternative to expensive heat meters. The main 
advantage of such devices is the possibility to use them in existing heating systems as the system does not require 
large rebuilding [4]. 
 
Nomenclature 
Qw i heat conduction losses through outer walls of a specific apartment, Wh
Qwin i heat conduction losses through windows of a specific apartment, Wh 
QD i  heat conduction losses through outdoors of a specific apartment, Wh 
Qloft i  heat conduction losses through roof or attic of a specific apartment, Wh 
Qbas i  heat conduction losses through basement of a specific apartment, Wh 
Q v i  heat losses with air exchange of a specific apartment, Wh 
Qth.br i  heat conduction losses through thermal bridges of building envelope of a specific apartment, Wh 
KWK utilisation factor for heat gains (calculated according ISO 13790:2009 – Thermal performance of buildings 
– Calculation of energy use for heating) 
Asol i effective collecting area of building envelope of a specific apartment, m2 
Esol solar irradiance during analysed time period, Wh/m2 
Qsol i heat gains from solar energy, Wh 
QL i heat loss of a specific apartment, Wh 
Ks apartment location coefficient 
Si floor area of a specific apartment, m2 
Qh i heat for space heating of a specific apartment, Wh 
Kri pipe rating factor in particular apartment 
Qr i  heat gains from riser pipes in particular apartment, Wh 
Lm length of a riser pipe, m 
qLn1 linear heat flow from the supply riser, W/m 
qLn2 linear heat flow from the return riser, W/m 
n type of a riser pipe 
z calculation period, h 
Kradm coefficient of radiators types and power ratings 
 
It is necessary to take into account a number of key criteria in the heat cost allocation process in order to make it 
as equitable as possible. The amount of heat supplied to a certain apartment, is not the same as the amount of heat 
consumed in the apartment due to heat flows between the apartments and heat losses in the surrounding.  
Due to lack of thermal insulation, heat flows easily between the adjacent apartments and rooms with different 
indoor air temperatures. This phenomenon is analyzed in a number of scientific papers [4í6]. Gafsa and Lefebvre 
[5] call the amount of heat that flows from one apartment to another as “stolen heat”. Research has shown [6] that 
the comfort temperature in the apartment with fewer outer walls can be almost completely ensured by the heat from 
the adjacent apartments. 
The heat consumption data from the buildings with allocators, analyzed by Siggelsten, shows that during the first 
year after installation of allocators, it is possible to reach around 9 % of energy savings, but in coming years it can 
reach up to 20 % [7]. Installation of heat cost allocators is not classified as an energy reduction method, but it allows 
consumers to freely choose to maintain the indoor temperature for which they are willing to pay. Therefore, it is 
very hard to accurately calculate the economic feasibility from heat cost allocator installation as it is not possible to 
precisely predict the heat savings. Dutch scientists [8] have studied the space heat consumption of different 
consumer groups depending on socio-economic factors of the household. The main conclusion of this study is that 
households which are less motivated to save energy have 4 % higher heat consumption compared to other 
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households [8]. The key factor affecting the heat consumption is the indoor temperature and the comfort level of 
consumers [9].  
Dutch scientists [10] study showed that consumers behaviour significantly affect energy consumption (4.2 % of 
the energy used for heating) but building design features make up the majority of the heat consumption. However, 
this ratio can vary in different types of buildings.  
The main objective of this article is to identify the key factors that need to be taken into account when allocating 
the heat costs by using heat allocators, as well as to analyze possible heat savings.  
2. Methodology 
The methodology of the research can be seen in Fig. 1. 
 
 
Fig. 1. Heat cost allocation scheme for multi-apartment buildings 
Firstly, the total heat consumption of the building has been determined in Module 1. Further it is necessary to 
obtain the total amount of heat that has been used for space heating (Module 2). The amount of heat that is used for 
ensuring the comfort conditions will be different in each apartment. In order to eliminate unfair heat cost allocation 
it is necessary to introduce additional heat allocation criteria. These criteria are chosen in Module 3 by using certain 
assumptions (Module 4). These criteria are further used when allocating the heat costs according to the heat 
allocator readings of each apartment. 
2.1. Heat cost allocation criteria for apartment building 
2.1.1. Heat transfer through outer constructions 
The first group of factors is related to characteristics of a building envelope and the specific location of each 
apartment in the house plan as this significantly affects the heat consumption. Therefore, the required heat to 
compensate the heat loss of a specific apartment QL i (Wh) is calculated: 
ܳ௅௜ ൌ ܳ௪௜ ൅ܳ௪௜௡௜ ൅ ܳ஽௜ ൅ ܳ௟௢௙௧௜ ൅ ܳ௕௔௦௜ ൅ ܳ௩௜ ൅ ܳ௧௛Ǥ௕௥௜ (1)
Due to certain constructive solutions of building and the placement of building there could be additional heat 
gains from solar energy Qsol (Wh) which are calculated as follows: 
ܳ௦௢௟௜ ൌ K௧௛ܣ௦௢௟௜ܧ௦௢௟  (2)
As a result, the heat for space heating in a particular apartment has been calculated as the difference between heat 
loss and heat gain: 
ܳ௛௜ ൌ ܳ௅௜ െ ܳ௦௢௟௜ (3)
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The apartments which are located at the corners of buildings and one the top and bottom floors have greater heat 
loss and the need for a larger amount of heat to provide the same indoor comfort temperature as in other apartments. 
The general scheme, which shows the heat energy consumption at different points of the building, is shown in Fig.2. 
 
 
Fig. 2. Heat consumption differences in different apartments of building 
Inequality problem of heat energy consumption can be eliminated by introducing special correction factors which 
compensate for the additional heat consumption in the apartments with less favourable locations in the building. 
These coefficients can be determined by knowing the heat loss from a particular apartment and the total heat loss of 
the building: 
ܭ௦ ൌ σ
ொ೓೔
ௌ೔
௡
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ௌ೔
ሻ (4) 
In case of existing buildings, where the inhabitants have lived for several years, it is necessary to take this 
coefficient into the account. 
2.1.2. Heat flow from riser pipes 
Uncovered riser pipes in apartments provide additional space heating whether the radiator control valve is closed 
or open. Therefore, based on the number of pipes in apartment and their diameter, it is necessary to identify each 
pipe rating factor Kri in each particular apartment: 
ܭ௥௜ ൌ ܳ௥௜Ȁσ ܳ௥௜௡௜ୀଵ    (5)
The heat gains from riser pipes need to be calculated on a monthly basis, as when outdoor temperature decreases 
these heat gains will increase due to higher heat carrier temperature in network pipes. The heat gains in a particular 
apartment from heating network riser pipes ܳ௥௜  (Wh) is calculated as the sum of each pipe, where there is 
circulation by using the following formula: 
ܳ௥௜ ൌ ሺσܮ௠௜ ή ሺݍ௅௡ଵ ൅ ݍ௅௡ଶሻሻ ή ݖ (6) 
2.1.3. Radiator evaluation factor 
Before installation of heat allocators, it is necessary to make an inventory of the radiators set in the building. In 
older apartment buildings it may happen that heaters have been changed in several apartments. For example, a cast 
iron radiator changed to a steel panel radiator and as a result – the radiator heat capacity changes. It is therefore 
necessary to identify the types and power ratings of all radiators to determine the coefficient of Kradm. This value can 
be obtained by knowing the specific nominal capacity of a particular radiator Qnrm and the same value for average 
radiator Qnravr installed in the building. 
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ܭ௥௔ௗ௠ ൌ ܳ௡௥௠Ȁܳ௡௥௔௩௥ (7)
2.1.4. Heat flow between the apartments 
Heat flow between apartments was not included in to the model. In order to avoid the situation when some of the 
apartments could turn off the radiators and get all the necessary heat from their neighbours, the fixed payment 
percentage has been introduced as a solution.  
2.1.5. Proportion of fixed and variable heat 
When introducing allocators, referable heat consumption for space heating is divided into two parts: variable heat 
consumption and fixed consumption. In turn, fixed consumption consists of: heat gains from uncovered heating 
network pipes in apartments and heat consumption in common areas. As a result of such distribution, each 
apartment will have to pay a certain portion of the heat per month regardless of allocator readings. Different 
proportions of fixed and variable heat consumption have been evaluated in this article in order to determine the 
potential energy savings after installation of allocators. 
3.  Assumptions 
The assumptions include the technical properties of the building, the air exchange rate, the indoor temperature, 
constructive parameters of heaters, etc. The model does not include factors that are affected by the behaviour of the 
inhabitants and housing placement style (heat gains from people, equipment and lighting). 
4. Result 
A newly-built apartment building in Riga was analysed within the study. There are 168 apartments in total of 
which 84 are two room apartments, 36 – three room apartments and 48 one room apartments. The total apartment 
area is 7839.9 m2 but the total heated area is 9029.14 m2. Until now payment for heat was calculated according to 
the floor area of each apartment, but it has been considered to introduce allocators for more accurate heat cost 
allocation.  
The main aims for allocator installation were: each apartment can pay only for the heat supplied to it, which will 
encourage residents to control the indoor temperature and save energy. Experience shows that energy consumption 
reduction can be between 5 % and 15 % [7, 11, 12]. However, this reduction is influenced by several factors: 
awareness and education level of inhabitants; heat cost; income levels; quality of allocator installation, etc. 
The analysis begins with the generation of a building floor plan in which the apartments with the same heat 
transfer conditions are separated (see Fig.3).The building has 14 different types of apartments with the same heat 
transfer processes, with the exception of the bottom and top floors. The right wall of the building has been 
connected to the other building so it is not an outer wall.  
  
Fig. 3. Floor plan of the analysed building 
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Specific heat consumption has been measured in order to evaluate the energy efficiency of the building. The 
average specific heat consumption of the building for space heating the last three years is about 72 kWh/m2 per year, 
which indicates a high level of energy efficiency. The building has been built according to the Latvian building code 
standards.  
As heat consumption in apartments differ the apartment location coefficients were calculated according the 
methodology described above (see Fig.4). The type of the apartment is given according to the floor plan in Fig.3. 
 
 
Fig. 4. Results of apartment loecation coefficient 
The location coefficient differs for first and top floors so they have been calculated separately. The greatest value 
of the correction factor is for the apartment located in the middle of building (1.08). This shows that these 
apartments have lowest heat loss. The lowest coefficient level is for the apartment located on the 12th floor with 
three exterior walls (0.72). This apartment has the highest heat loss. 
Heating network riser pipe rating coefficient is influenced by two factors: temperature difference between heat 
carrier and indoor air; pipe diameter. 
Pipe rate coefficients have been calculated by knowing the number of heating pipes in each apartment and the 
exact diameter of the pipes (see Fig. 5). In the particular building there are different pipe diameters on floors 1í4, 
5í9, 10, 11 and 12. Therefore the pipe rating coefficient has been calculated for each apartment in these floors.  
 
 
Fig. 5. Heating network pipe rating coefficients 
The highest pipe rating coefficient has been determined for the apartments that have been marked with number 2 
in the floor plan (see Fig.5). This is due to the fact that there are 5 uncovered heating network pipes in this particular 
apartment. Lower heat gains from the heating network pipes are observed in the top floor apartments, because these 
pipes are not in full length and are with decreased diameters. 
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One of the most important factors that influence the potential heat consumption reduction when installing heat 
allocators is fixed and variable heat consumption proportion. If the variable part is larger, residents are more 
motivated to regulate indoor temperature, because they can reach higher savings when lowering indoor temperature. 
To assess the optimal proportion of fixed and variable heat, calculations have been made to determine how much 
heat energy savings could be reached after installation of allocators (Fig.6). It has been assumed that the apartments 
located from Floor 2 to Floor 11 would reach certain energy savings, but the heat consumption in the bottom and top 
floor would remain the same as indoor air temperature is lower in these apartments.  
 
 
Fig. 6. Building heat energy saving forecast depending on fixed part proportion 
As can be seen in Fig. 6, from the view of energy saving, the most desirable ratio between the fixed and variable 
part could be 80 % / 20 %. In such a scenario, if every 2 to 11th floor apartment reaches 30 % energy savings after 
installation of heat allocators, the total heat consumption reduction of the building would be 16.5 % (see Fig.6). 
Fixed heat consumption was analyzed for apartments located in different floors. The calculation is done for 
outdoor temperature 0°C and fixed heat part proportion of 20 % and 30 %. The fixed part of payment consists of 
unregulated heat part and heat gains from the heating pipe network. The payment for heat gains from the heating 
network pipes varies from 22.5 % in the bottom floor and 4.1 % in the top floor. 
Conclusion 
The introduction of heat cost allocators is a technique which can be used to ensure that the consumer pays only 
for the heat supplied to him. Installation of allocators increases the motivation of inhabitants to regulate indoor 
temperatures and thereby reduce heat consumption.
When introducing heat allocators in apartment buildings, it is necessary to accurately evaluate adjustment 
coefficients that need to be taken into account according to the design and layout of the particular building. The 
study showed that the heat gains from uncovered heat riser pipes in the apartments vary from 22.5 % to 4.1 %. 
These heat gains are important and should be taken into account when applying heat allocators, especially in energy-
efficient buildings.  
In order to reach higher energy savings it is necessary to introduce higher variable part of the payment that 
changes according to readings of allocators. 
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